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The Honorable Lee M. Thomas
Administrator

U.S. Environmental Protection Agency
401 M. Street, 5.W.

washington, D.C. 20460

Dear Mr. Thomas:

The Surface Watelr Monitoring subcommittee of the Science
advisory Board's Environmental Effects, Transport and Fate
conmittee has completed its review of a study prepared by the
office of Water and the Office of Policy, planning and Evaluation
entitled Improving surface Water Monitoring Support for Decision-
Making: A Framework for Change. The review was requested by the
office of Water, and was conducted on February 23 and 24, 1987 at
North Texas State University in Denton, Texas.

The Subcommittee pelieves that the study provides a strong
conceptual framework for a sound monitoring program, but
recommends certain refinements to further strengthen both the
study and the monitoring program. The study's strength 1= its
recognition of the need for change and the underlying concept to
create that change. In addition, the planning and development
approach used in the study aolicits input from diverse sources
and assesses that input, jdentifying both obstacles and
challenges, to provide a useful framework for action. A major
weakness results from the study's relatively narrovw base of
information.

The Subcommittes identified several areas in this study that
need further consideration or additional emphasis jncluding the
need for: . precisely defining the purpose O objective for
mnonitoring before programs are designed or implemented;
considering the source of water quality problems when designing
monitoring strategies such as point source, non-point source, and
the more likely conbination of hoth sources; and coordinating
monitoring efforts in different media, such as alr, sediment, and
1iving organisms, to contribute towards an ecosystem level
understanding of changes due to pollution. The study should also




emphasize the importance of: incorporating new analytical
techniques and physical, chemical, and biological methods to
insure that the best scientific results are cbtained from
axisting resources; coordinating EPA's surface water monitoring
programs with those of other Federal and international agencies;
and developing technical guidance to promote data consistency and
comparability. Finally, the study should stress the importance
of data analysis, since proper analysis of collected data is
essential to decision-making. These and other issues are
discussed in the attached report.

The Subcommittee appreciates the opportunity to conduct this
gcientific review. We request that the Agency formally respond
to the scientific advice eransmitted in the attached report.

Sincerely,

W W

Rorton Nelson, Chalrman
Executive Committee
Science Advisory Board

Rolf Hartung, Chai¥man
Environmental Effects, Transport
and Fate Committee

wLBﬂM
Kenneth Dickson, Chairman

aurface Water Monitoring
Subcommittee

Enclosure

cc: A. James Barnes
Jack Campbell
Lawrence Jensen
Rebecca Hanmer
Mary Blakeslee
Paul Campanella
Terry F. Yosie
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NOTICE

This report has been written as a part of the activities of
the Scienc&;Advisory Board, a public advisory group providing
extramural ‘scientific information and advice to the Administrator
and other officials of the Environmental Protection Agency. The
Board is structured to provide a balanced expert assessment of
scientific matters related te problems facing the Agency. This
report has not been reviewed for approval by the Agency, and
hence, the contents of this report do not necessarily represent
the views and policies of the Environmental Protection Agency,
nor of other agencies in the Executive Branch of the Federal
government, ncr does mention of the trade names or commercial
preoducts constitute endorsement or recommendation for use.
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1.0 EXECUTIVE SUMMARY

The Surface Water Monitoring subcommittee concludes that the
study prepared: by the office of Water entitled "Improving Surface
Water Moniteging Support for Decision-Making: A Framework for
Change" provides the conceptual framework for a sound monitoring
program. The Subcommittee encourages the Agency to refine the
study further in light of the ideas and suggestions offered in
¢+hig critigue. Specific conclusions and recommendations include:

s The study of surface water monitoring is a long needed
step toward integrating disparate activities within the Agency.
The questions and needs of the Agency that are related to surface
water monitoring are appropriately addressed by the study.

e A sound concept is provided defining the necessary
elements for a successful monitoring program, such as agsessing
the reasons for monitoring, organizing monitoring efforts to
address identified needs, and managing and analyzing data to
support decision-making. :

e The planning approach used to develop the study merits
recognition because it colicits input from a variety of sources:
at Federal and State levels, assesses input, identifies obstacles.

and challenges and produces a framework for action.

e The study should place more emphasis on the importance of
precisely defining the purposes (cbjectives) of a monitoring
program before design and implementation begin. The basic
purpose of many monitoring programs is to characterize the
aquatic resource. This function of monitoring has many specific
applications, such as providing data for background
characterization, information on use attainability, ecoregion
analysis, and site specific criteria development. Bafore
monitoring programs are initiated, a clear underzstanding of the
purpose for the data collection mnust be acknowledged, and
possible applications should be considered toe guide both
collection and analysis portions of the monitoring program.

e The study should avoid the gimplistic concept that water
quality problems are either point or non-point source in origin.
Mo=t water quality problems have elements of both, and monitoring
should be conducted with this perspective.

e Surface water monitoring programs should be coordinated
with the monitoring programs for other media (e.g., air,
sediment, fish tissue, and groundwater). This integration is
needed to fully understand the origins or sources, fate, and
consequences of pollutants in the environment. Cooxrdinated,
multimedia approaches will be more effective than single medium
approaches. ‘

e Monitering programs need to incorporate state-of-the-art
physical, chemical, and biological methods. The atudy should



propose a procedure for jdentifying and incorporating emerging
methods, such as toxiecity testing and real-time monitoring.

e Tha study should emphasize the importance of coordinating
surface wateér monitoring programs at EPA with those of other
Federal and international agencies. This coordination will
facilitate the generation of a more uniform set of data with
broad applicability and will contribute to bkhoth cost
affectiveness and superior data gquality. Plans for such

coordination should be specified as part of the study.

e The Subcommittee recommends that the Wrecgyical Support
Document for Water Quality-Based Toxics Control'! be used as a
model to develop technical guidance on gurface water monitoring
for use by the states. The study should point out the need for
technical guidance at the State ievel to promote consistency and
comparability between data.

e For monitoring data to be useful in decision-making, the
data must be analyzed. The study should recommend that analysts
be employed and charged with developing computerized data
management systems to aggregate, analyze and summarize monitoring.
data for use by Agency decision-makers. This may reguire
modifying existing systems, sych as STORET, or creating new
systems. Such analysis will also assist- in identifying and
prioritizing environmental problems, and may give clues to
appropriate solutions.

1 ysEpa, Office of Water Enforcement and Permits, and Office of
Water Regulations and standards, September 1985. Technical
support Document for Water Quality-Based Toxics Control. EPA-
440/4-85-032.



5.0 INTRODUCTION
2.1 oOrigin of the Review

EPA's Office of Water requested that the Science Advisory
Board (SAB) of the Environmental Protection Agency review the
surface Water Monitoring study. SAR. reviews are conducted under
the auspices of its Executive Committee, which agreed to conduct
the review and delegated responsibility to the Environmental
gffects, Transport and Fate Copmittee. On January 14, 1987, this
committee met and received a preliminary briefing on the Surface
Water Moniteoring Study, given by Ms. Mary Blakeslee, Senior
Program Analyst, office of water. The Committee established the
surface Water Monitoring cubcommittee to conduct the review and
‘appeinted Dr. Kenneth L. Dickson as chairman of the Subcommittee.

2.2 Purpose of the Review

The Subcommittee received a document entitled, "Improving
Surface Water Monitoring support for pecision-Making: A
Framework for Change," authored by EPA's Office of Water, and the
office of Policy, Planning and Evaluation (with assistance from
American Management Systems, Inc.). The study describes current
surface water monitoring efforts, identifies the inadecguacies of
the current programs, and discusses changes. that should be made
to improve future programs. The Executive Summary of this
document is included as Appendix A.

The purpose of the review is to provide an independent, peer
asseasment of the scientific adegquacy of the objectives,
conclusions and recommendations of the surface water monitoring
study, and to evaluating the concepts underlying the approach.

2.3 Review Procedure

The Subcommittee met in public session on February 23 and
24, 1987, at North Texas state University, in Denton, Texas. M=,
Mary Blakeslee, Office of Water, and Mr. Paul campanella, Office
of Policy, Planning and Evaluation presented a detailed briefing
on the study at that time. Following this briefing, the
Subcommittee discussed the underlying principles of the study,
its conduct, and the recommendations it provides. These
dizcussions formed the basis for reconmendations, suggestions,
and comments on the study.

2.4 Description of This Report

The Subcomnittee's report provides general conclusions with
regard to the gtudy's fundamental concepts, documenting thelr
strengths and weaknesses. Tn addition, the report provides a
discussion of specific issues that were identified during the
review process, issues that have a significant impact on the
study itself and the field of surface water monitoring as &



whole., Finally, the report presents specific conclusions and
recommendations on current and future issues addressed in this
review. :

3,0 GENERAL COMMENTS

The Subcommittee lauds the Office of Water and the Office of
Policy Planning and Evaluation for addressing the ¢questions and
needs related to surface water monitoring as they concern the
gnvironmental Protection Agency- The study under review is a
long needed step toward integrating what currently appear to be
disparate activities in the Agency.

It is important for the Agency to assess its reasons for
monitoring, organize its monitoring efforts to address jdentified
needs, and implement a progran of data management and analysis
which will facilitate informed decision-making. The report
reflects such an effort but, as in all such reports, it has both
strengths and weaknesses. Although this critique may highlight

weakneases, the Subcommittee emphasizes that this review is
intended to "fine tune" a study that is sound in concept.

3.1 Strengths

The Agency recognizes the need for change. This study is
evidence of that recognition and will serve to initiate needed
changes. The subcommittee sees this factor, the underlying
concept, as one of its greatest strengths. The planning approach
used in developing this study also merits recognition because it
elicits input from a variety of sources at Federal and State
levels, assesses that input, identifies obstacles and challenges,
and produces a framework for action., This document is a useful
synthesis of ideas *hat can assist in developing a strong
monitoring program.

3.2 Weakhesses

A major weakness of the study results from its relatively
narrow base of information. Although a variety of sources at
Federal and State levels were interviewed, they appear to be
primarily administrators and managers within EPA., These people
are often not familiar with the details of Federal or State
monitoring programs, and deficiencies range from a lack of
understanding of the reasons for monitoring to lack of knowledge
of the uses of data, More of the technical staff directly
responsible for monitoring programs and/or data management and
analysis should have been interviewed. This would have resulted
in interviews with several individuals in an agency because
different types of monitoring, such as routine, intensive, and
compliance monitoring, are fhe responsibilities of different
people. Specifically, the opinions of scientists within the EPA
0ffice of Research and pevelopment, particularly at Environmental
Reszearch Laboratories, should have been solicited. The




scientific'aomnunity-within EPA routinely collects and uses
monitoring data, and their opinions would have given more balance
to the study:. -

The States are also underx represented in the study. State
ponitoring programs vary widely. The reasons for this
variability include political climate, scope of environmental
problens, size, available resources, and expertise of staff.
some State programs illustrate technical competence while others
do not. This diversity is not reflected in the study document.
tnstead, the report sinply concludes +that State programs are
inadeguate to meet emerging needs and that changes are needed.
The lack of monetary resources needs to be recognized as a major
factor limiting nearly all State monitoring programs.

The report consolidates Federal and State monitoring
programs throughout much of its discussion. This distorts the
fact that Federal and State menitoring programs often have very
different purposes and functions. The report should acknowledge
that EPA is better equipped to conduct some types of monitoring,
such as moniteoring beyond State norders for acid deposition
effects, whereas States have different roles and capabilities,
such as compliance monitoring. :

While it is understood that the source of information for
the study was personal interviews, many statements made in the
report are not supported and should be qualified. For exanple,
statements concerning statistically based conclusions about water
quality over wide areas need to be documented.

The study adegquately explores the breadth of the monitoring
issue, but this breadth is not completely reflected in the
recommendations. The six main recommendations are: 1) issue
guidance on cost-effective approaches to problem identification
and trend assessment; 2) accelerate development and application
of promising'hiclmgical monitoring technigues; 3) continue and
expand efforts to improve information on National Prograess in
Water Pollution Control; 4) analyze the feasibility of requiring
National Pollutant Discharge Elimination gystem (NPDES)
permittees to conduct ambient follow-up monitoring studies; 5)
inprove EPA and State Xnowledge about sources and uses of
existing water—related data; and 6) establish central
coordination of EPA activities to integrate water-related data.
In general, these recommendations seem too narrowly focused. The
specific issues and suggestions to follow can be applied to
expand the recommendations presented in the study.

4.0 SPECIFIC ISSUES
4.1 Purposes of Monitoring
4.1.1 Functions of Monitoring

The study places appropriate emphasgis on the utility of
monitoring data in decision-making for water pollution control




programs. However, the organization of this section of the study
is confusing and detracts from more basic issues. ' The authors
introduce four reasons for using monitoring data in surface water
programs. ‘THase four reasons are to: 1) identify water quality
problens an@;trends; 2) develop water guality controls and
management &ctions: 3) determine compliance and effectiveness of
control; and 4) develop priorities and plans. Further
description of these reasons can be found in Appendix A page A-5.

This section can be improved by beginning with the
development of priorities and plans, then demonstrating how the
three remaining functions support the development aspect. The
information in the remaining three functions should be expanded
to better reflect the breadth of issues that can be addressed
with monitoring data.

4,1.2 Challenges

aAnother section of the study addresszes the challenges facing
water quality managers. some of the challengas identified focus
on the issues of assessing ecological effects as a means to
define problem areas, establish criteria, and evaluate the
effectiveness of current practice. As stated in the study
document, these are: 1) agsessing the ecological effects of
toxic discharges and instituting contreols; .2) increasing use of-
intensive surveys to collect data used in setting water quality
pased permit limits; and 3) demonstrating the environmental
results of pollution control investments.

other challenges identified in the study address shifting
priorities at the Agency in terms of both point and non-point
sources and areas affected (e.d., rivers, lakes, and estuaries).
Theze are stated as follows in the study: 1) identifying and
characterizing non-poeint sources of toxic and conventional
pollutants, and 2) expanding efforts to identify and control
pellutien problems in near-ceastal and ocean waters. The
challenges described are presented in more detail in Appendix &,
page A-12.

The Subcommittee recommends restructuring this section to
reflect the issues pointed out abaove (assessing ecological
effects and shifting Agency priorities regarding point and non-
point sources), and to c¢larify the source of challenge, such as
problems for water gquality managers or problems caused by
shifting Agency priorities. This restructuring will help to
define the challenges and develop options for meeting them. The
specific discussions under several of the challenges need
amplification. For example, challenge 1 represents a shift in
focus from a chemical by chemical approach to an integrated
monitoring program. This is a basic change in the philosophy of
monitoring and deserves more emphasis.



4.1.3 Obstacles

The discussion of obstacles (Appendix A, page A-13)
overlooks a wijor problem implicit in many monitoring programs -
the lack of ‘clear definition of the gquestion(s) addressed by
monitoring. Before 2 monitoring program is begun, both the broad
purpose (e.g., compliance with NFDES permits) and specific needs
should be carefully defined. A set of gquestions would aid in
developing the mponitoring design, identifying the types and forms
of data to be collected, and interpreting the trends. The study
does list examples of key questions that water guality managers
will face in the next decade, such as what pollution problenms
pose the greatest threat to human health, and what envircnmental
benefits are gained from specific control activities., However,
these gquestions are broadly stated and need an expanded
supporting rationale.

4.1.4 Characterization of Aquatic Systems

The study needs to recognize that an understanding of the
natural or expected characteristics of the resource to be managed
ig basic to the needs of any water quality management progran.
Water programs under the Clean Water Act have progressed
nationally in areas where adequate information on attainable use=s
is available and where national criteria are accurate. However,
the geographical diversity of the Nation precludes the uniform
application of criteria and standards.

2 valid purpose of the surface water monitoring program is
to provide data in support of ecoregion characterization or
development of baseline conditions for subsequent assessment of
agquatic alteration. The development of ecoregion characteriza-
rion - a concept that assesses regional variation in water
quality characteristics and aquatic communities due to climate,
surface geology, soils, vegetation, and land use patterns - has
shown promige as a tool for helping States and regional offices
define regiecnal goals for attainable water quality.

The establishment of base~line conditions is important to
understanding system variability and resiliency and to assessing
alterations, either improvement or deterioration. Information
of this nature may be used to align the entire water gquality
management system to achieve valid and accurate goals for
maintaining the integrity of the Nation's waters.

4.1.5. Trend Monitoring

The study does not place sufficient stress on the importance
of meonitoring to identify water quality trends. Monitoring for
trends can help to answer guestions when it is used in context
and with regard for the differences between systems. In
particular, trend monitoring can aid in evaluating:

e compliance or contrel in a permit-regulated system,



¢ Dprogress in water quality control efforts, and

e background condition and changes induced by
nonanthropogenic activities,

pata needs for trend analysis should be distinguished
clearly from those of problem screening and identification. For
example, data from short-term, intensive studies are not
applicable for trend analysis unless certain elements of
uniformity, repetition, and time sequencing are maintained.

If gquestions calling for trend analysis are stated
precisely, trend monitoring can be accomplished efficiently.
cuch focus may be on indicators, such as frequency of violating
.standards, or on changes in mean, seasonal, or annual
concentration of particular contaminants.

gection 305(B) of the Clean Water Act reguires that EPA
submit a report to Congress assessing the condition of the
Nation's waters. This report ie used to communicate information
to both Congress and the public, but alse serves as a tool for
assessing problem areas and establishing priorities for control
programs. EPA currently requires that the States prepare reports
using a uniform format to facilitate the development of the
national report to Congress. States use the format differently.
Some supply more information than required to aid in developing
in-state assessments and programs, while others provide the
ninimuw information recuired by the format. EPA should continue
to evaluate this reporting form. It chould serve as a tool for
developing the national report and for asgsessment and program
prioritization by the states. The form should promote
efficiency, consistency, and the capture of more relevant
information for assessing water quality conditions.

4.1.6 Differentiating Between Point and Non=-point Sources

Non-point source monitoring introduces a specific set of
questions and concerns that differ from point source monitoring.
Conbining the two in a nondescript “"ambient" monitoring program
obscures the distinction and limits the usefulness of the data.
Cclear formulation of the questions can help determine whether the
monitering should seek to integrate the effects of all sources O
isolate certain sources or groups of sources. Generally,
monitoring non-point scurces requires a commitment to fixed
stations, meonitoring for long durations, and capturing related
data. such as hydroleogic, meteorologic, land use activities, and
demographic data. The commitment te fixed stations, in
particular, implies a demand that the Agency formulate its
gquestions precisely.

Evaluations of non-point source progran ceffectiveness may
introduce further demands on a monitoring program such as
estimating mass loadings or quantifying spatial inputs. There is
a need for consistent, uniform sampling strategies that account
for influences from storm events and seasonal factors, and avoid



bias. Careful formulation of cuestions is very important because
a commitment to long-term monitoring can be substantial in both
manpower and{monetary resources. :

4.1.7 Multimedia Monitoring

The study implies that water quality decisions in the 1990s
will be made based on multimedia risk management (see Appendix A,
page A-10), Yyet the body of the study does not address this
issue. Multimedia assessments and their implications for
monitoring should be incorporated inte both the objectives and
the recommendations. The importance of coordinating monitoring
programa for various media should be stressed to ensure
compatibility between station location, £frequency of collection
and data types. It is also important to consider the interfaces
vetween functional subdivisiens (e.g., air/water interface,
marine microlayer) of media.

4.2 Data Needs
4.2.1 Chemical Specific Monitoring

considering the myriad of chemicals that can be present in
surface waters, it is not practical to rely solely on a chemical
specific monitoring approach. The Agency- should continue to
develop monitoring techniques that integrate the effects of
chemicals. Use of ambient toxicity testing approaches that
assess the combined effects of all stressors should be an
integral part of menitoring programs.

4.2.2 Biological Monitoring Technigues

Biological monitoring technigues can provide valuable
information on water quality. Since organisms respond to their
+otal environment, they offer an integrated alternative to
chemical-by=-chemical monitoring. The study identifies several
ambient toxicity testing techniques and advocates their use in
monitoring pregrams. The subcommittee encourages the Agency to
keep abreast of new physiological, biochemical, and genetic
technigues that c¢an indicate subliethal stress caused by
chemicals. It is important to develop and use screening tests
pased on new techiques to improve the efficiency and sensitivity
of the ambient toxicity tests currently available. The Agency
should continue to foster the development of biovlogical
monitoring techniques for use in both inland and marine systems.

Analyses of sediments and biota from many aguatic areas
around the country show hundreds of anthropogenic compounds. The
study acknowledges that estimation of biological impact is more
difficult than detection, since toxiecity tests are usualily
performed with individual chemicals in "solution™ rather than
with the complex mixtures found in sediments.

The study recognizes that better indicators of bioleogical
damage are available. However, mnore tegts than those mentioned



are available for application. Recently published studies have
shown that tests derived from research on mammals are useful when
applied to aquatic systems. Investigation of the impacts of in-
place contaminants on aquatic biota with histopathological and
immunologicd#l techniques are now possible, The detection of
tumors in fish from Puget Sound, the finding of lesions and
depressed immune systems in fish from the Elizabeth River,
virginia, and the determination of elevations in metallothionein
concentrations in fish from Prickley Pear Creek, Montana are
examples of the use of such technologies. The Subcommittee
recommends that EPA begin to implement such technolegies into
programs for monitoring.

4.2.3 Real-Time Monitoring

A need exists for the development of real-time (i.e.,
continuous) chemical, physical, and biological monitoring
technologies. With the exception of temperature, discharge, and
conductivity, and the limited monitoring of dissolved oxygen and
pH, there are few examples of real=-time monitoring of water
guality. Real-time monitoring would allow rapid detection of
emerging problems and should promote efficient corrective actions
to be implemented. The Agency should foster the development of’
chemical, physical, and biological techniques for real-time’
monitoring of water quality. .

4.2.4 Watershed Monitoring

Comprehensive. monitoring programs. must be based on thorough
analysis of the source of waters and characteristics of the
watersheds. Ambient trend data are most appropriate if the
influence of upstrean effects are congidered. Intensive survey
data must include analysis of the entire watershed or drainage
basin.

4.2.5 Responsibility for Monitoring

The Subcommittee recognizes the importance of defining the
roleg and responsibilities of various agencies for monitoring
ambient waters. The study recommends that NPDES permittees
conduct follow-up monitoring, This approach by itself may not
meet the need for knowing how well water quality is protected.
Current regulatory practices require individual dischargers to
meet effluent limitations following the chemical-by-chemical and
toxicological characterization appreoaches outlined in the
Technical Support Document for Water Quality-Based Toxics
control. This is intended to assure that no gingle discharger
adversely affects water guality. However, no mechanism exists to
monitor the effect of overlapping zones of impact or the additive
effect of chemicals on the ecosysten. :

In developing its surface water monitoring program, the
Agency needs to coordinate with other Federal agencies. Several
agencies besides EPA collect surface water monitoring data for a
variety of reasons: the United States Geological Survey (USGS)

10



collects chemical, physical, and biological data; the United
states Fish and Wildlife Service (USFWS) monitors fish and
shellfish tissue residues; the National Oceanic and Atmospheric
administration (NOAA) monitors marine systems through the status
and trends’program; and the United States Department of
Agriculture (USDA) supports several water quality monitoring
programs. While these programs have purposes that differ from
the primary interests of the EPA, they may provide useful data
and, if effectively coordinated with the Agency's .monitoring
activities, could result in more comprehensive data for analysis
of the cquality of the nation's waters.

The study does not indicate consideration to harmonize the
Agency's surface water monitoring with related programs through-
out the worid. Acid rain is but one example of the global
problem recquiring coordinated monitoring between countries. How
does the proposed surface water monitoring program relate to
monitoring activities in Canada or Mexico? Can European exper-
jences in surface water monitoring be of value to the Agency in
developing its strategy? It is the opinion of the Subcommittee
that monitoring programs should be harmenized with international
monitoring activities to provide data that can be readily
compared and analyzed.

4.2.6 Monitoring Based on Knowledge of .Chemical Fate

Many toxic substances remain in the water column for very
ghort periods of time. Generally, these substances have an
affinity for sediment particles that may be sampled and analyzed.
Ambient monitoring is ineffective for detecting the elevated
levels of these substances which result in fish tissue
contamination, even when undetected in the water column.
Tntensive surveys are more effective, yet are extremely limited
in scope. Other environmental programs (Superfund Amendments and
Reauthorization Act, Resource conservation and Recovery Aact,
Texic Substances Control Act, Safe Drinking Water Act) are also
developing toxics' detection elements to provide the specific
information required for decision-making. Coordinated efforts to
develop toxic substance budgets would be more effective than any
single approach. By evaluating the raw materials coming into an
industry, or other chemical user, and considering the processes
and the avenues of disposal, the fate of potential toxic elements
could be estimated. Each gpecific environmental progran could
use thig information to develop monitering systems to evaluate
the availability to the ecosystem.

4.2.7 Monitoring and the Technical Support Document for
Water Quality-Based Toxics Control

A regulatory mechanism now exicts for the NPDES in the form
of the Technical Support Document for Water Quality-Based Toxics
control. Much energy and thought has gone into this appreoach
which is now being implemented throughout the U.S. It is
expected that this approach, which integrates chemical-by-=
chemical analysis and toxicological data with waste load

11



allocation, will provide greater protection of water guality. It
was apparent to the subcommittee that little integration exists
petween the proposed monitoring program and this document. An
attempt should be made to coordinate these efforts.

4.2.8 Consistency in Monitoring

EPA's intent to strive for greater consistency among states
in their monitoring is admirable if the objective is to achieve
some acceptable minimal level. However, extreme caution should
be employed so that monitoring entities that use "bettexr" designhs
and techniques are not forced to operate at a less desirable
level in order teo achieve nconsistency." A thorough survey of
state monitoring programs is warranted.

4.2.9 Providing Monitoring Guidance

The study recognizes the need to develop technical guidance
on developing moniteoring programs. The Subcomnittee recommends
that the Agency develop technical support documents and
technology transfer teams to communicate the state—of-the-art in
monitoring program design. The Subcommittee further recommends
+hat the Technical Support Document for Water Quality-Based
Toxics Control be used as a model. A iarge body of literature
exists on the design of monitoring programs that should be
reviewed and integrated into the technical support document, and
the Agency should solicit the practical experiences of other
rederal and State agencies in their development.

4.3 Data Management and Assessment
4.3.1 Dbata Management Aggregation, Assessment and Analysis

The study appropriately addresses the problems of data
management and provides suggestions for linking data bages and
making data more accessible to promote their use by decision-
makers. However, the study does not recognize the need for data
aggregation and analysis by staff at a level hetween the
decision-makers and the data managers. staff should prepare
frequent overviews and status reports as a basis for managerial
actions or to revise and clarify the questions which drive the
data gathering activities.

The study implies that automated computer equipment and
complex, sophisticated software are sufficient to give top level
administrators direct involvement in the data analysis process.
This approach would substitute artificial intelligence for
professional judgment, intuitive analysis, and report prepara-
tion. A better approach would be to view the hardware, the
software, and the data management system as tools for technical
analysts to use in preparing summaries and reports, which provide
the basis for managerial decizion-making.

The Subcommittee conmmends the authors of the document for
recognizing that better labeling of data and better utilization
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of STORET are important to optimizing data integration and
facilitating the dissemination of environmental data. It should
be recognized, however, that STORET was hot designed to accept
nonspecifi& or gqualitative data such as the mass-spectra of
unknown compounds in environmental samples. Therefore, while
STORET is important and needed, it will recuire modification or
other, parallel computerized information systems will be needed
to address these limitations.

Analyses of monitoring data are dependent on three
monitoring characteristies:

1) Tinme - Analyses are often needed urgently and time
series data are needed to indicate changing
trends.

2) OQuantity - A sufficient sample set or number of data
points is needed to gain an estimate of
probability and to assess precision.

3) Quality - An assessment of the accuracy or correctness
of the measurement including descriptive
identifiers, such as time, place, and sub-
stance(s) being monitored.

Data analysis should be considered in developing a
menitoring strategy. Monitoring data are collected for a variety
of purposes. variatiens in purpose may require different
monitoring characteristics, e.d., time span, number of samples,
and degree of accuracy. Careful problem formulation will lead to
appropriately designed monitoering programs producing data that
can be analyzed to give insight to appropriate control
strategies.

Data management systems must be designed to allow
flexibility, and formatted for accurate, comprehensive data entry
and accessible retrieval of data. In additien, the assessment
capability of the systen, in terms of data gquality and
statistical capability, must be sufficient with regard to
accuracy, pertinence, and ¢larity, to support decision-making.
With these constraints, it is possible to develop a modular
archiving system sensitive to both purpose and variability in
characteristics that will allow an analyst to integrate data to
assist decision-making.

. STORET and BIOS are capable of such modularization and can
be adapted to the concepts 1isted above. AQUIRE is a data base
that exemplifies some of the characteristics mentioned above and
can ba used as a model.

4.3,2 Data Assessment
Data assessment is not identified as a conponent of water

quality management. The Subcommittee believes this to be a
deficiency in the study. Assessment is the analysis and
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interpretation of data from the monitoring program. Such
asgessments provide answers to the questions that the monitoring
program was: designed to address, such as whether water cuality is
being adegiately protected. The conceptual framework of
assessment -is to compare the physical, chemical, and biolegical
data to established performance standards, such as water quality
criteria, water guality advisories, health standards, permit
compliance, and maintenance of intended uses. When performance
standards are not met, assessment serves as a trigger for
further controls.

An alternative situation can exist when the assessment
indicates that additional data would be useful in resolving a
particular problem. The types of additional information sought
could include improvements in exposure data (by collecting more
data, improving the gquality of chemical data, or c¢ellecting
chemical data over time to reveal a trend), better quantification
of biological/ecological field data, and establishing new
performance standards, i.e., site-specific water gquality
ariteria. Collection and assessment of data can be an iterative
process until the assessment results in a scientifically
defensible decision to take a regulatory compliance or control
acstion, or do nothing. The assessment aspect of water quality
management is a valuable tool for setting priorities for wise use
of limited resources. It is also a means of evaluating the
effectiveness of control actions taken to reduce exXposures.

The use of the assessment step in water quality management
forces the issue of setting upper or lower limits on physical,
chemical, and biological characteristics that, if exceeded, can
justify an action. It will also foster a better understanding of
the cause of the problens.

A current deficiency in conducting effective assessments is
determining which, and how much, monitoring data are appropriate
to conduct the first level assessment. A second problem is
understanding what are acceptable performance standards for
specific bodies of water. However, this should not prevent the
use of the assessment step in water quality management to meet
+he needs in the 1990's., Much progress has been made in
analytical chemistry, toxicological testing, c¢hemical fate
modeling, computerized data bases, and standards setting to
facilitate assessments.

4.4 Control Feedback

The intent, and therefore the design, of most organic
chemical analyses employed by monitoring organizations is to
quantify a preselected set of compounds. There are advantages
and disadvantages to this approach. One advantage is that the
qualitative aspects of the analyses are simplified. Cleanup,
fractionation, and detection can be selected or developed for
specific compounds, decreasing the possibility of false
jdentifications. Another advantage is that the guantitative
outputs of the analyses are usually more accurate and precise
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because the methodologies employed are coptimized for the
preselected compounds. Both of these advantages are particularly
important if the intent of the monitoring is to determine
compliance ‘with some regulatory program.

A disadvantage is that only the preselected compounds will
be qualified and quantified. This disadvantage is trivial if the
preselected list of compounds is all-encompassing and contains
all the compounds likely to be encountered. However, this is
not likely to be the case. The study coxrectly points ocut that
the existing "lists" of compounds are incomplete.

Anhother disadvantage of most existing approaches is that,
even though compounds other than those sought are quantified, the
data pertaining to them are ignored. In other words, valuable
data are not being utilized because of the narrow focus of
chemical specific monitering.

Another way of describing most existing monitoring systems
for toxic organic chemicals is to say that they are "feedback"
programs. Such feedback programs are keyed by error signals.
For example, if a NPDES permit allows a certain amount of a
specific compound in an effluent, a concentration that exceeds
the permitted level by an established margin constitutes an
error. Detection of this error may initiate regulatory action.
Compounds net specified in the permit, and therefore not
analytically sought, cannot become an "error signal®™ even though
they may be detrimental to the biolegical communities in the
receiving waters. '

Technologies and expertise now exist to minimize such
oversight through better design of inorganic chemical monitering
programs. The major tools used in the organic¢ gualitative and
guantitative analyses are Gas Chromatography (GC) and Gas
Chromatography-Mass Spectrometry (GC-MS)., These instrunments
yield signals for all the compounds present that can be resolved
and detected by the various detectors utilized. Even though many
of these signals are not essential to a "feedback" system in the
strictest sense, they can bhe collected, stored, and analyzed with
the use of data systems. Utilizing retention markers in the
analyses and calculating relative retention indices for compounds
detected by both GC and GC-MS facilitates such investigations.

A further refinement to consider may be the sacrifice of
some guantitative aspects of the analyses to maximize the
gqualitative outputs--in other words, to minimize the cleanup and
fractionation to which the extracts are subjected in order to
maximize the number of compounds left in the extract to be
analyzed. The results may be less useful for compliance or
feedback monitoring but more important for feed-forward
monitoring. Feed-forward menitoring, in this case, is defined as
monitoring designed to determine when new, unregulated or
unselected compounds enter a system, or to determine the
distribution of classes of compounds. Feed-forward monitoring has
the advantage of determining many more compounds, which in turn
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provides a much more realistic estimata of the total toxic burden
to which organisms are subjected. EPA funded the development of
such a system in its Chesapeake Bay Program and the system is now
in use in tHe State of Virginia. The technology exists to
support this effort. Widespread implementation of such a program
will be costly, however; the benefits may ocutweigh the costs.
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APPENDIX A

EXECUTIVE SUMMARY OF THE STUDY:

"Iwmproving Surface water Monitoring Support
for Decision-making: A Framework for Change"
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